The recently characterized environmental mutagen and potential carcinogen 1-nitropyrene (NP) is known to bind DNA in Salmonella typhimurium, and also in anaerobic incubations catalyzed by purified xanthine oxidase. In this study we show that rat liver S9 supernatant, microsomal and cytosolic subcellular fractions are also able to catalyze the binding of 1-nitropyrene labeled with "C to calf thymus DNA in vitro. In incubations conducted under air, S9 and microsomes from Charles River CD rats were the most active fractions, and NADPH was required for maximum activity (25-100 pmole NP bound/mg DNA/mg protein in 1 hr). S9 and microsomes had about one-fourth the activity under nitrogen, although less of this activity was NADPH-dependent. Binding in cytosolic incubations was generally low (1 to 5 pmole NP/mg DNA/ mg protein in 1 hr), was somewhat enhanced under N2, and was more extensive in the absence of NADPH. Treatment of rats (Harlan Sprague-Dawley) with the inducing agents phenobarbital (PB), Aroclor 1254 (A), or 3-methylcholanthrene (3-MC) enhanced NADPH-dependent binding in aerobic S9 (2-to 5-fold) and microsomal (10-to 20-fold) incubations. The effects of induction regimen on binding assays conducted under N2 were more equivocal: 3-MC produced a 2-fold increase in binding in both S9 and microsomes, while the other two agents decreased binding from 50 to 75%. These results indicate that classic cytochrome P-450 inducers were able to stimulate activation of NP, but that this activation is not mediated solely by cytochrome P-450.
Introduction
1-Nitropyrene (NP), found in photocopier toners (1, 2) and in particulate matter from diesel vehicle emissions (3) and ambient air (4) , is a mutagen in bacterial and mammalian assay systems (5) (6) (7) . NP has also been reported to cause mammary gland tumors in rats (8) . Covalently bound adducts formed by interaction of NP with DNA have been detected (9) and characterized in Salmonella typhimurium (10) and in cell-free incubations catalyzed under anaerobic conditions by purified xanthine oxidase (10) . The principal adduct formed under these conditions was identified as N-(deoxyguanosin-8-yl)-1-aminopyrene, thought to be generated from a hydroxylamine intermediate during the process of reductive metabolism of NP (10) . On the other hand, Salmeen et al. (11) observed that although the mutagenicity of NP differed widely between nitroreductase-deficient and -proficient Salmonella strains, and V79 Chinese hamsters and primary rat hepatocytes, no corresponding variations were seen in the ability of all these cell types *Genetic Bioassay Branch, Genetic Toxicology Division, Health Ef to reduce NP to 1-aminopyrene, and therefore nitroreduction might not be the only determinant of mutagenicity. NP was also shown to bind to endogenous DNA and protein when incubated with rabbit pulmonary tissues under aerobic conditions such that metabolism could occur by oxidative pathways (12) .
The liver is the major site of oxidative metabolism in mammals and has been shown to convert NP to oxidized products which are themselves mutagenic (13, 14) . Although mutagenicity and DNA binding are not necessarily directly causally linked, both phenomena arise from the type of interactions with cellular genetic material which may ultimately lead to genotoxic damage to the organism. We have previously attempted to elucidate the role of oxidative metabolism in the activation of NP as measured by mutagenicity in the Salmonella plate incorporation assay (14, 15) .
The present study was undertaken to evaluate the ability of hepatic enzyme systems to catalyze the formation of NP metabolites capable of interacting with DNA by forming covalent adducts, and if so, whether these reactions could be linked to oxidative rather than to reductive metabolism. We also were interested to see whether the terminal enzyme of the mixed-function oxidase system, cytochrome P-450, known to be particularly active in the metabolism of foreign compounds, appears to be involved in this activation process. (Table 2) , and also the extent of DNA binding catalyzed by these fractions, although the increase in binding was not proportional to the enhancement in P-450 content. Aroclor 1254 produced the highest increase in cytochrome P-450 content in both S9 and microsomes and the highest specific binding in S9 under air, whereas phenobarbital and 2-methylcholanthrene were more effective than Aroclor in enhancing binding under nitrogen in S9 and in microsomes under both air and nitrogen. Although in this study 3-methylcholanthrene was by far the least potent inducer of cytochrome P-450, our phenobarbital and 3-methylcholanthrene treatments were almost equivalent in their ability to induce binding of 14C-NP to DNA.
Differences in activity between strains were also ap- (11) . In rabbit liver microsomes NP can be reduced by both cytochrome P-450 and aldehyde oxidase, and NADPH was reported to be the most effective electron donor (20) . Mammalian microsomal nitroreductase activity appears to occur via the oxygensensitive one-electron pathway, which generates a nitro anion free-radical intermediate, whereas some strains of bacteria can metabolize nitro compounds by both the one-electron pathway and the two-electron pathway, which does not form the free radical (21) . The latter pathway may therefore be more efficient in generating hydroxylamine intermediates capable of interacting with macromolecules, whereas the former can produce cytotoxicity by means of the superoxide arising from reoxidation of the nitro free radical.
Our findings that maximal levels of NADPH-dependent binding of NP to DNA occur under air suggest that the active intermediates responsible for binding are being generated either by oxidative routes, or by some previously unsuspected oxygen-insensitive mammalian nitroreductase. The enzyme(s) involved would also appear to respond to inducing agents (especially 3-methylcholanthrene) in a manner similar to cytochrome P-450. The effects of mixed-function oxidase inducers are not limited to cytochrome P-450 (22, 23) , so that this response is not diagnostic for P-450; moreover, the specific binding activity does not increase consistently on going from S9 to microsomes as would be the case for reactions due entirely to cytochrome P-450. The overall pattern of activity indicates that both soluble and microsomal enzymes contribute to the overall process, but that the microsomal components are capable of functioning independently of the cytosolic portions, while the converse does not hold. In contrast, activation of NP in the Ames assay was clearly shown to reside in the microsomal fraction (24) . Further studies are in progress with specific inhibitors and co-factors in order to clarify the pathways responsible, singly or in conjunction, for catalysis of the in vitro binding of NP to DNA.
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